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You can use and distribute breedR for any purpose You can modify it to suit your needs we encourage to! please consider contributing your improvements you can distribute your modified version under the GPL However, breedR makes (intensive) use of the BLUPF90 suite of Fortran programs, which are for free but not free (remember CRAN?)

Fitting Linear Mixed Models

y =Xβ + Zu + ε u ∼N (0, G) ε ∼N (0, R)
A quantitative variable y is modelled as a linear function of fixed effects β and random effects u, with unaccounted residuals ε The function remlf90() yields a REML fit of a model to a dataset Additional functions (e.g. summary(), fixef(), ranef(), plot(), etc.) extract and present specific results Predicted Breeding Values by Family 

γ(h) = 1 2 V [Z(u) -Z(v)], dist(u, v) = h
The empirical isotropic variogram is built by aggregating all the pairs of points separated by h, no matter the direction. 

γ(x, y) = 1 2 V [Z(u) -Z(v)], dist(u, v) = (x, y)
The empirical row/col variogram is built by aggregating all the pairs of points separated by exactly x rows and y columns. 

γ(x) = 1 2 V [Z(u) -Z(v)], u = v ± x
The empirical anisotropic variogram is built by aggregating all the pairs of points in the same direction separated by |x|. Each, can be scaled using a coefficient {u j B j (x)}

And summed to a linear combination f (x) = j u j B j (x)

Figure 12 f (x) = j u j B j (x) provides a spline representation of a wide family of curves, in terms of a vector of coefficients u For any set of points x = {x i }, the vector of values f (x i ) can be written as a matrix operation f = B j (x i ) u breedR extends this to two dimensions and defines a random effect Bu, u ∼ N (0, σ 2 s R s )

u is the vector of spline effects B is the matrix of spline bases evaluated at the observations σ 2 s is the spatial variance parameter R s imposes a fixed positive correlation between coefficients of neighbouring spline bases

The smoothness of the spatial surface can be controlled modifying the number of base functions This is directly determined by the number of knots (nok) in each dimension If not explicitly set, it is determined heuristically by breedR as a function of the number of observations 0 250 500 750 1000

x nok An AR1(ρ) on the line is a collection of random variables {x i } where

x t = ρx t-1 + ε t , ε t ∼ N (0, 1), |ρ| < 1
A few random simulations with ρ = 0.5:

breedR extends this model to the plane using and defines a component

Zu, u ∼ N (0, σ 2 s R AR )
u is the vector of random effects for each individual location on a regular grid Z is an indicator matrix such that Z[i, j] = 1 if the observation i is at site j σ 2 s is the spatial variance parameter R AR defines a separable correlation structure based on the kronecker product of two AR1 processes

The smoothness of the AR effects can be controlled by the autoregressive parameters (ρ x , ρ y ) in each dimension They can be given explicitly Otherwise, breedR fits a model for each combination of parameters in a default grid and returns the most likely 

ω i (α) = k∈∂i z ik (α)u c,k where z ik (α) ∝ 1/d α ik , such that k∈∂i z ik (α) 2 = 1.
This condition is variance-estabilizer ensuring ∀i:

Var(ω i ) = Var(u c ) = σ 2 c
The decay parameter

The decay parameter α controls the relative intensity of competition of the neighbours
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The weights z ik are scale-invariant e.g. a tree twice as far is weighted 1/2 α as much higher values of α concentrate the weights on the closest trees

Random-effect representation

Z d u d + Z c (α)u c , u d u c ∼ N 0, Σ a ⊗ A , Σ a = σ 2 d σ dc σ dc σ 2 c
Each set of BVs is modelled as a zero-mean random effect with structure matrix given by the pedigree and independent variances σ 

Random-Regression model

For each observation of an individual i at j

y ij =X i β + Σ ord k=0 a ik L k (j) + ε ij (a 0 , . . . , a ord ) ∼N (0, Σ ⊗ A) ε ∼N (0, σ 2 e )
The This can be used to leverage genomic information (GBLUP)

The Generic model Practical case 1

GxE study

C13 =orig + site + fam + 3 e=1 f e 1 e + ε fam ∼N 0, σ 2 f I (f 1 , f 2 , f 3 ) ∼N 0, Σ G×E ⊗ I ε ∼N 0, D 3 ⊗ I
One global family effect (fam) One group of three site-specific family effects (f i , i = 1, 2, 3) Jointly, they represent the G × E interaction with genetic cross-covariation Σ G×E 

Y 1 = Xβ 1 + Zu 1 + ε 1 Y 2 = Xβ 2 + Zu 2 + ε 2 , (u 1 , u 2 ) ∼ N (0, Σ u ⊗ G) (ε 1 , ε 2 ) ∼ N (0, Σ ⊗ I n ).

  implementing statistical models specifically tailored to the analysis of forest genetic resources A inference tool for Linear Mixed Models, with facilities for typical needs breedR acts as an interface providing the means to: 1 Combine any number of prefabricated model components into a larger model 2 Compute automatically incidence and covariance matrices from a few input parameters 3 Fit the model 4 Plot data and results, and perform model diagnostics
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  Figure 26: random-regression

  This additional component allows to introduce a random effect ψ with arbitrary incidence and covariance matrices Z and Σ:Zψ, ψ ∼ N 0, σ 2 ψ Σ ψ Applications:include additional not-predefined components e.g. Dominance, Hybrid populations, Genomic evaluation, etc. GBLUP Zu, u ∼ N 0, σ 2 G G Use markers to compute a relationship matrix G for individuals Several methods available e.g. VanRaden et al. 2009 G = XX / 2p(1 -p) Replace the additive-genetic model, which uses the pedigree-based relationship matrix A with a generic model with a genomic relationship matrix G Z is an indicator matrix linking observations with individuals Predicts genetic value of individuals, not markers Improved accuracy wrt pedigree-pased evaluation
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  Figure 32: spatialxE

Σ

  u and Σ either diagonal or fully-parameterized 2 × 2 matrices Some of the fixed or random effects can affect only a subset of the traits e.g. fixed effect of operator breedR's simulation function Simulating data under competition Simulate datasets of any size, from any most supported models See ?simulation for details on the syntax Source: local data frame [500 x 14]

  Variables not shown: BV2 (dbl), wnc (dbl), pec (dbl), wnp (dbl), resid (dbl), phenotype (dbl)

								1.0738194 -1.023654
	2	42	18	33	1	18	22 1.6654315 2.477488
	3	43	11	31	1	19	19 0.7047348 1.961305
	4	44	5	38	1	1	23 0.4698724 1.207112
	5	45	16	24	1	7	12 -0.7233131 -1.919742
	6	46	9	38	1	3	5 -0.1197804 1.174054
	..	...	...	...	...	...	...	...	...

http://famuvie.github.io/breedR/

package to analyse genetic data (WP6)

What is longitudinal data

Parallel computing

After you submit a job, you are free to submit more (specially with multiple-processor servers)

Query the status of all jobs with breedR.qstat() Kill some job with breedR.qdel(res) or all jobs with breedR.qnuke()